Some theoretical aspects, and modeling
The term 'mechanoelectric feedback' is used in tandem with the term 'mechanoelectric transduction'. The latter is thermodynamically sound-mechanical energy is transduced to electrical energy. However, in a patbophysiological as well as engineering context the feedback abstraction is useful. Feedback control is a vital part of integrative physiology. Excitation-contraction coupling would form one arm of the loop, whereas mechanoelectric feedback, the other arm, closes the loop. Moreover, we often understand disease processes in terms of a breakdown in feedback control-or a process can even convert a loop to a positive feedback. Although the feedback loop lends itself 000%6363/96/$15.00 0 1996 Elsevier Science B.V. All rights reserved PII SOOO%6363(96)00093-4 to non-linear dynamical modeling, we are not aware of substantial attempts at this. By contrast, using a simple linear mechanosensitive channel reversing at -20 mV, computer simulations of the effect of stretch on the cardiac action potential seem to reproduce many of the experimentally observed effects [I] . Kohl and Noble's review in this Issue cover some modeling of the influence of fibroblasts on cardiac rhythm.
Mechanism, membrane, and cellular aspects
As mechanoelectric feedback may have fairly profound clinical relevance (see reviews above), its mechanism assumes practical importance, particularly as the feedback input and output functions change or even amplify in cardiac pathology [2-41. At the membrane level, mechanosensitive ion channels are proving germane to our understanding of mechanoelectric transduction and feedback. These channels are distributed throughout biological systems. They are mostly stretch-activated channels, meaning that the probability of being open increases with membrane tension. Osmotic changes also provide a mechanical stimulus to these channels (see Vandenberg's review, and Zhang in Lieberman's group's paper, both in this issue). Mechanosensitive channels have ion selectivities that include K', non-selective cation (including Ca'+), and anion as the last authors review and show. The first mechanosensitive channel to be cloned, MscL derived from E. coli, can be reconstituted in bilayers (that is, no cytoskeleton) and activated by tension. In contrast, activation of eucaryotic mechanosensitive channels seems to require the cytoskeleton [51.
Although stretch produces changes in the cardiac action potential, the basis of these effects in terms of channels has not been established. Several groups show the existence of mechanosensitive channels of various selectivities and conductance, as well as showing intracellular ion changes which mechanosensitive channels can explain [6-l l] (see also Gannier et al. in this issue). There is only one by guest on November 8, 2016
Downloaded from full-length paper on voltage clamp of stretched heart cells [ 121 and a few abstracts [ 13-151. The depth of our ignorance about the basis of stretch-induced effects on the heart, and most other systems, should not be underestimated-we know almost nothing! The difficulties in studying these ubiquitous channels arises from the lack of a stimulator and specific pharmacology. There is some progress, however: a neurotoxic blocker from a spider venom appears capable of blocking mechanosensitive channels, or their effects, in a number of systems [ 161 including the heart [17].
Experimental studies in multicellular preparations including intact heart
Much experimental work on mechanotransduction and mechanoelectric feedback has been done on multicellular ventricular preparations and this issue extends these. Zabel in Franz's group used isolated perfused heart, and Murphy et al. and Horner et al. use the in situ heart. The latter authors describe some interactions or relations with catecholamines and electromechanical alternans, respectively. The observations of Slinker and Tobias suggest that mechanotransduction does not affect mechanical restitution. The issue also produced two works showing mechanoelectric feedback in atrium. A multicellular preparation (Kiseleva et al.) showed it in fibroblasts, implicating calcium cycling, and stretch of an intact atrium (Nazir and Lab) can induce arrhythmia.
Relevance to the clinical situation
There are several prerequisites in considering the clinical relevance of mechanoelectric feedback. The first is the demonstration of mechanoelectric feedback in the in situ beating human heart. The second is an association between clinical conditions accompanied by altered mechanics of contraction and enhanced morbidity or mortality that could be ascribed to mechanoelectric feedback. Taggart's review in this issue secures the first requirement, and those of Franz and Reiter strongly support the second. The third would ideally be the demonstration that a stretch-activated channel blocker which is cardiac-specific protects patients from arrhythmia. This will be a difficult task and must provide a focus for future work.
Future directions
Future directions mainly concern mechanisms, the establishment of causality rather than co-relation and possible therapeutic aspects. Because some stretch-activated channel blockers can block stretch-induced arrhythmia, the search is now on for a specific cardiac stretch-activated channel blocker. The prevailing dogma indicates that there will probably not be a preferred blocker of all the described stretch-activated channels. The availability of a selective or near-selective blocker of stretch-activated channels suitable for use in patients under the conditions described could be a major step forward in this regard. However, it is well to remember that there are other mechanisms for mechanoelectric transduction in heartcontraction-induced changes in intracellular Ca*' is one of them (see also Zhang and Ter Keurs' paper). Last but not least, we must also remember that sudden arrhythmic death has several well-documented aetiologies. 
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